Appraisal refers to the evaluation of the meaning of emotional stimuli and is considered causal in the generation of an emotional response. Cognitive neuroscience has paid little attention to a theoretical distinction between low-level appraisal, considered to be automatic and preattentive, and high-level appraisal that requires attentional and working memory resources. To disentangle low-level from high-level appraisal, we varied cognitive load in a concurrent, unrelated working memory task, while anxiety was induced through anticipation of impending pain. Confirming theoretical predictions, we show that anxiety-related activity in dorsal medial prefrontal/rostral anterior cingulate cortex (dorsal MPFC/ACC) is attenuated under high, relative to low, cognitive load. Lateral prefrontal regions previously implicated in reappraisal and cognitive emotion regulation show a similar interaction between anxiety and cognitive load. Critically, there were no changes in physiological and subjective measures of low-level appraisal outcome and emotional response generation as a function of load, allowing us to conclude that MPFC/ACC and lateral PFC activity during anticipatory anxiety reflects high-level appraisal. Our data provide neurobiological evidence for a distinction between low-level and high-level appraisal mechanisms. D
Introduction
The evaluation of emotional material is thought to involve both low-level and high-level appraisals (Frijda, 1993; Lazarus, 1966; Leventhal and Scherer, 1987; Ö hman, 1993; Reisenzein, 2001; Robinson, 1998; Smith and Kirby, 2001 ). Low-level appraisal is often described as non-conscious, preattentive, automatic, effortless, nonpropositional and ''hard-wired'', referring to a strong hereditary component (e.g., Leventhal and Scherer, 1987; Robinson, 1998 ). An example is the computation of probabilistic predictions of reward or punishment during conditioning and the later retrieval of conditioned memories (Dayan and Abbott, 2001 ).
High-level appraisal is described as conscious, controlled and requiring attentional and working memory resources (Leventhal and Scherer, 1987; Robinson, 1998) . As such, it is compromised under high cognitive load (Schneider et al., 1984 ). An example is reward or punishment expectation based on contingency awareness formed during conditioning.
While low-level appraisal may allow for primitive, ''quick and dirty'' responses to evolutionarily primed stimuli (LeDoux, 1996) , high-level appraisal is more elaborate and lends flexibility to behavior (Scherer, 1984) . A potential link between both levels of appraisal is the often attention-grabbing or ''intrusive'' nature of low-level appraisal outcomes (Christianson, 1992; Erdelyi and Appelbaum, 1973; Moray, 1959; Nielsen and Sarason, 1981) . Low-level appraisal may generate subjective emotional experience and attentional orientation toward emotional stimuli with a purpose to inform our conscious awareness of a relevant situation as well as to recruit high-level appraisal processes (e.g., Clore and Parrott, 1991) .
Whereas the investigation of the neural basis of different appraisal dimensions such as novelty or valence (reviewed in Sander et al., 2005) has received much interest from cognitive neuroscientists, less attention has been paid to the neurobiological study of levels of appraisal. Researchers interested in low-level appraisal have made considerable effort to show that certain appraisals are independent of consciousness (e.g., LeDoux, 1996; Ö hman, 2005) . However, a neurobiological distinction between low-level and high-level appraisal mechanisms has not been established.
While controlled processing is generally associated with prefrontal cortex, the medial prefrontal cortex in particular may be a key structure in high-level appraisal. The MPFC/ACC is involved in attention to emotional stimuli (Fichtenholtz et al., 2004; Vuilleumier et al., 2002) ; emotional awareness (Lane et al., 1997 (Lane et al., , 1998 Simpson et al., 2001) ; rating of affect intensity (Taylor et al., 2003) ; and explicit judgments of self relevance (Blackwood et al., 2004; Fossati et al., 2003; Johnson et al., 2002; Kelley et al., 2002; Phan et al., 2004) . The MPFC/ACC may thus be at the interface between low-and high-level appraisal, providing access to consciousness for low-level appraisal outcomes or, alternatively, may mediate high-level appraisal (Lewis, 2005; Sander et al., 2005) .
A general problem in previous studies is that a correlation between high-level appraisal processes and MPFC/ACC activity does not imply a direct causal link. Instead, correlations may be caused by a third factor linked to both. For example, MPFC/ACC activity during high-level appraisal may be a result of parallel lowlevel appraisals potentially involving the MPFC/ACC (Seymour et al., 2004) . MPFC/ACC-based functions such as the generation of autonomic or motor responses (Critchley, 2004; Devinsky et al., 1995) may also be activated alongside high-level appraisal processes. These potential confounds need to be ruled out when trying to demonstrate that a brain area subserves high-level appraisal.
One of the best replicated findings in emotion research is that low-level appraisal directly impacts on autonomic activity, behavior and subjective feelings, without the need for high-level cognitive appraisal as a mediator (Kunst-Wilson and Zajonc, 1980; Lazarus and McCleary, 1951; LeDoux, 1996; Ö hman, 2005; Robinson, 1998; Robles et al., 1987) . Hence, autonomic indices and self report can be used to measure changes in low-level appraisal outcome. Inference about motor response generation is generally complicated by experimentally imposed needs to inhibit overt behavior such as approach or withdrawal responses. However, where response inhibition requirements are identical under different experimental conditions, indices of action-supporting autonomic (sympathetic) activity can serve as an indirect measure for covert action tendencies. Thus, if one could dissociate changes in high-level appraisal activity from changes in autonomic and self report indices, this would allow for a more specific ascription of brain activation.
High-level appraisal is an invariable response to consciously perceived emotional stimuli (Epstein and Roupenian, 1970; Gross and John, 2003; Hare, 1966; Houston and Holmes, 1974; Monat et al., 1972) . To selectively interfere with spontaneous high-level appraisal processes, we manipulated attention and working memory load (cognitive load) via the difficulty of a concurrent unrelated task (n-back task), while anxiety was induced by anticipation of impending pain (see Fig. 1 for design) . It was assumed that high-level appraisal of anxiogenic stimuli (pain cues), and of the elicited bodily and subjective anxiety reactions, would be reduced in a High Load relative to a Low Load condition. Importantly, prior studies had indicated that such a cognitive manipulation has little if any effect on autonomic and subjective experiential measures (Chua et al., 1999; Houston and Holmes, 1974) . We thus expected to find the dissociation defined above as a criterion for high-level appraisal specificity.
At a neural level, involvement of the MPFC/ACC in high-level appraisal should be evident from a reduction of anxiety-related MPFC/ACC activity during high relative to low cognitive load. In the analysis, we focused on a dorsal MPFC/ACC region, within Brodmann areas 24 and 32, which is reproducibly found in studies of anticipatory anxiety (see Materials and methods). (Kalisch et al., 2005) , subjects were forewarned that they might receive an electric pain stimulus to the hand at a probability of 25% at any time during a 15.6-s epoch (Anxiety condition, red dots). During a control condition (No-anxiety, green dots), subjects knew that they would not be stimulated. 
Materials and methods

Participants
Fourteen right-handed healthy normal subjects (mean age 30 years, age range 18 -58 years, 9 female) participated in the experiment. The subjects were pre-assessed to exclude those with a prior history of neurological or psychiatric illness, including anxiety disorders. Subjects' scores for trait and state anxiety (obtained prior to scanning using questionnaires STAI-S and STAI-T, Mind Garden, Redwood, CA, USA) were 35.3 T 2.5 (SEM) and 39.4 T 1.9, respectively, and thus deviated less than one standard deviation from a normal working adult population (Spielberger, 1983) . Scores on a cognitive failures questionnaire (CFQ; Broadbent et al., 1982) were 38.3 T 3.0 and thus also corresponded to general observations. All subjects gave informed consent, and the study was approved by the Joint Ethics Committee of the National Hospital for Neurology and Neurosurgery.
Experimental design
Anxiety was induced by anticipation of a painful electric stimulus. During an instruction epoch of 2 s, subjects were shown a red dot in the center of the screen (Fig. 1) . The instruction epoch also served to inform subjects about the nature of the upcoming task (0-back or 2-back, see below). The instruction was followed by a 15.6-s epoch during which subjects had to perform the 0-or 2-back task while anticipating a potential pain stimulus. During the whole 15.6 s, the red dot remained in the center of the screen to constantly remind subjects of the threat. Subjects were told that the probability of receiving a painful stimulus was 25% for each of these 15.6-s epochs and that the stimulus could occur at any time during the 15.6 s. A control condition (No-anxiety) during which subjects knew they would not be stimulated was equivalently signaled by a green dot. Pain stimuli were applied to the back of the right hand using a custom-built electrical stimulator delivering 20 or 100 Hz trains of electrical pulses (4 ms monopolar square waveform pulses, 1 s duration, 0.1 to 6 mA) through a silver chloride electrode.
Cognitive load was operationalized by a 2-back task (High Load condition) vs. a 0-back task (Low Load condition). During the 2-s instruction epoch, subjects either saw ''2-back'' or ''0-back'' above the colored (red, green) dot signaling Anxiety or No-anxiety ( Fig. 1) . During the following 15.6-s epoch, a sequence of eight white capital letters, each presented for 1 s with an inter-stimulus interval of 1s, was shown on the background of the colored dot. In the 2-back task, subjects pressed a button with their right middle finger to indicate when a letter was identical to the letter shown ''2 back''; for any other letter, they made a button press with their right index finger. In the 0-back task, subjects made a button press with their right index finger for any letter. Trials were separated by intertrial intervals (ITI) of 6 to 7.4 s during which a fixation cross was shown.
The experiment was divided into 3 runs of 24 trials, with duration of approximately 10 min per run. The number of trials per experimental condition (excluding those where subjects actually received pain) inter-individually varied between 12 and 15 (mean 14.3; No-anxiety/Low Load, No-anxiety/High Load) and 11 and 19 (mean 15.9; Anxiety/Low Load; Anxiety/High Load), respectively. The sequence of trials was randomized. After 24 out of the 72 trials (6 per condition, randomized), subjects rated the anxiety experienced during the preceding trial on a 100-point visual analog scale using left and right buttons to move a pointer on a horizontal bar (''How anxious did you feel during this trial?''). They were explicitly told before the experiment not to rate their affective response to the actual pain.
Imaging
A 3 T MR head scanner (Magnetom Allegra, Siemens, Erlangen, Germany) was used to acquire gradient echo T2*-weighted echo-planar images (EPI) images with BOLD (blood oxygenation level-dependent) contrast (TE = 30 ms, TR = 2.86 s, flip angle = 90-, slice tilt = 30-, z-shim gradient prepulse = À1 mT/ m ms). Each volume comprised of 44 oblique axial slices of 2 mm thickness and 3 Â 3 mm 2 in-plane resolution with a slice distance of 1 mm. A total of 223 volumes per run were acquired. These parameters produced EPI images in which signal dropout due to susceptibility-induced field inhomogeneities was minimized for orbitofrontal cortex (Deichmann et al., 2003) . Subjects were placed in a light head restraint within the scanner to limit head movement during acquisition. A T1-weighted structural image was also acquired (3D MDEFT; Deichmann et al., 2004) .
Procedure
Upon arrival, subjects received written task instructions and completed STAI and CFQ questionnaires. Subjects were then given up to 10 min of practice without pain stimulation on a PC outside the scanner. This was followed by a pain calibration procedure which assured that current levels and stimulation frequencies were chosen which induced intermediate subjective anxiety. To achieve this, subjects verbally rated their anxiety experienced during a 16-to-0 countdown during which they knew they might receive a previously experienced painful stimulus at any time at 25% probability. The countdowns were repeated with different current levels, starting at low levels, until an anxiety level between 30 and 60 (on a 100-point scale) was reached. Current levels were adjusted between experimental runs if subjective ratings in the Anxiety minus No-anxiety comparison during the Low Load condition differed markedly from the previously calibrated value. Inside the scanner, another short practice run (8 trials) without pain stimulation was performed to familiarize subjects with the scanning procedure followed by the three experimental runs. Heart rate (HR) was monitored using a pulse oximeter (Nonin 8600FO, Nonin Medical, Plymouth, MN, USA); the pulse probe was placed on the index finger of the left hand. After the experiment, subjects were asked how stressed they were and how much effort they made to perform the task (from 1 to 5) during each of the four experimental conditions. One subject did not provide stress ratings.
Data analysis
Raw HR waveforms were visually inspected and HR data were excluded where automatic pulse detection was inaccurate (1 subject). Average HR level (HRL) of the 2-s instruction epoch plus the 15.6-s task epoch were normalized to ITI; initial phasic heart rate responses (HRR) were taken from 1 to 6 s after start of instruction and normalized identically. Blocks where subjects actually received pain stimuli were excluded from the analysis.
Heart rate responses (HRR) to pain stimulation were calculated as average heart rate during the post-stimulus time window (of 1-s duration) which showed maximum physiological activation in the group data (from 2000 to 3000 ms), normalized to the second prior to stimulus. Statistical inference was based on paired t tests and one-way analysis of variance (ANOVA) with repeated measures within SPSS 11.
Imaging data were analyzed using SPM2 (www.fil.ion.ucl. ac.uk/spm/spm2; Ashburner et al., 2004) . The 5 initial images of each run were discarded to account for T1 equilibration. To account for motion artefacts, images were realigned to the sixth volume of the first run. Images were spatially normalized to a standard T2* template, spatially smoothed using a Gaussian kernel with a full width at half maximum (FWHM) of 6 mm, temporally high-pass-filtered (cut-off 128 s) and corrected for temporal autocorrelations using first-order autoregressive modeling. Statistical analysis was carried out by applying a random effects analysis using the general linear model across the 14 subjects. Each of the four experimental conditions was modeled using three different temporal profiles of neuronal response during the 17.6-s epoch of combined instruction and task: a phasic response occurring at the beginning of the epoch, a tonic neuronal response lasting the whole duration of the epoch and a linearly increasing response across the epoch (Fig. 1b) . Multiplication of the linearly increasing regressor by À1 in the definition of contrasts (see below) allowed assessment of linearly decreasing effects. Receipt of pain was modeled as distinct events. Epochs during which subjects actually received pain stimuli, ITIs and rating epochs were modeled as box car regressors. To retain degrees of freedom, the three runs were concatenated. Residual motion effects were corrected for by including the six estimated motion parameters for each subject as regressors in the model. Each regressor was convolved with the canonical hemodynamic response function. Calculation of voxelwise within-subject effects of linear combinations of the regressors yielded contrast images that were spatially smoothed (FWHM 10 mm) and compared across subjects using one-sample t tests. Interactions for linearly increasing (decreasing) responses are mathematically equivalent to interactions for linearly decreasing (increasing) responses.
Clusters with >5 voxels activated at a statistical threshold of P = 0.001 are reported. A spherical region of interest (ROI) with a radius of 10 mm was defined in dorsal MPFC/ACC using coordinates (À2/45/27) from Kalisch et al. (2005) . In that study, mean MPFC/ACC coordinates from previous high resolution fMRI studies of anticipatory anxiety (Jensen et al., 2003; Ploghaus et al., 1999; Porro et al., 2002) had served to define a search volume for interactions between anticipatory anxiety and reappraisal, successfully identifying those. (Two further fMRI studies report MPFC/ ACC activation during pain anticipation but do not provide coordinates (Phelps et al., 2001; Wager et al., 2004) ). The same coordinates have later been successfully used to identify anticipatory anxiety-related activation in another study from our laboratory (Kalisch et al., in press ). Thus, the chosen coordinates represent a focus of anticipatory anxiety-related activity observed across a large number of studies, and the represented MPFC/ACC area can be regarded as central to anticipatory anxiety. Correction for multiple comparisons following Gaussian random field theory was limited to this region of interest.
To illustrate group effect sizes in selected voxels, mean parameter estimates from the main effect of a second-level oneway analysis of variance over the four experimental conditions were used. To test whether activation patterns in voxels showing a significant interaction were consistent with a reduction of anxietyrelated activity by cognitive load (i.e., whether they showed a significant simple main effect of Anxiety (Anxiety/Low Load > Noanxiety/Low Load) and a significant simple main effect of cognitive load under Anxiety (Anxiety/Low Load > Anxiety/High Load)), post hoc t tests for the relevant contrasts were calculated within SPSS11 using single subject parameter estimates from the ANOVA (threshold P = 0.05, one-tailed). Anatomical localization was carried out with reference to the atlas of Duvernoy (1999) . Coordinates follow MNI conventions.
Results
Anticipation of pain increased subjective anxiety (contrast Anxiety > No-anxiety, i.e., main effect of Anxiety: F(1,13) = 228.8, P < 0.001; Fig. 2a ) and stress ratings ( F(1,12) = 21.43, P = 0.001; Fig. 2b ) and was associated with a trend-level increase in effort ratings ( F(1,13) = 3.31, P = 0.092; Fig. 2c ). Anticipation also caused a strong trend-level increase in tonic heart rate levels (HRL; F(1,12) = 4.2, P = 0.062; Fig. 2d ) and in initial phasic heart rate responses (HRR; Fig. 2e ) to the onset of pain cues (see Kalisch et al., 2005) ; (1,12) = 4.5, P = 0.055). This is consistent with an anxiety response involving both the bodily and the subjective experiential level.
Increasing cognitive load prolonged reaction times (contrast High Load (2-back) > Low Load (0-back), i.e., main effect of Load: F(1,13) = 34.5, P < 0.001; Table 1 ). Due to the design of the 0-back task (see Materials and methods), accuracy data could not be compared between the two difficulty levels. High cognitive load was not associated with higher subjective anxiety ( F(1,13) = 0.14, P = 0.72; Fig. 2a ). In contrast, subjective stress ( F(1,12) = 17.15, P = 0.001; Fig. 2b ) and effort ratings ( F(1,13) = 26.02, P < 0.001; Fig. 2c ) were increased as were both HRL ( F(1,12) = 6.1, P = 0.029; Fig. 2d ) and HRR ( F(1,12) = 4.9, P = 0.047; Fig. 2e ). Thus, performing the 2-back task was more demanding and effortful than performing the 0-back task, indicating that cognitive resources were required in the high load condition. Within a resource model of cognitive function, this implies that less resources were available for high-level appraisal, supporting our basic assumption.
There were no interactions between factors Anxiety and Load at the behavioral level. Anticipation of pain neither influenced n-back task reaction times (main effect of Anxiety: F(1,13) = 0.55, P = 0.47; interaction: F(1,13) = 0.21, P = 0.65; Table 1) nor accuracy ( Table 2) , showing that anticipatory anxiety did not interfere with 2-back task performance. Thus, sufficient cognitive resources were allocated to the task even in the face of disturbing emotional stimulation. Likewise, no interactions were observed in subjective anxiety ( P = 0.223; Fig. 2a ), stress ( P = 0.703; Fig. 2b ) and effort ratings ( P = 0.748; Fig. 2c ), HRL ( P = 0.617; Fig. 2d ) and HRR ( P = 0.889; Fig. 2e ). Anxiety causes increased reactivity to noxious stimuli (Epstein and Clarke, 1970; Kalisch et al., 2005; Ploghaus et al., 2001) . Pain reactivity can thus be used as surrogate physiological indicator of anxiety. There was no significant difference in the phasic heart rate responses to pain stimuli as a function of load ( P = 0.263; not shown). Furthermore, there were no significant reductions in neural responses to pain under high load (contrast pain Anxiety/Low Load > pain Anxiety/High Load ; see Materials and methods), in agreement with an absence of interactions between Anxiety and Load in subjective and autonomic measures.
The behavioral data thus show the predicted dissociation between high-level-appraisal-related activity (reduced under high load) and autonomic activity and subjective feelings (which were not affected by the load manipulation). This allows us to specifically relate any attenuation of anxiety-induced MPFC/ ACC activation in the Anxiety/High Load relative to the Anxiety/Low Load condition to high-level appraisal, as predicted in our a priori hypothesis.
We therefore tested for an interaction of the type (Anxiety > No-anxiety) Low Load > (Anxiety > No-anxiety) High Load in a predefined region of interest (see Materials and methods). Identified voxels had to fulfil the additional criteria of showing simple main effects of both Anxiety (Anxiety/Low Load > Noanxiety/Low Load) and Load under Anxiety (Anxiety/High Load < Anxiety/Low Load) to provide evidence consistent with attenuation of anxiety-related activity. An activation peak meeting all criteria was found in MPFC/ACC with its peak located in the left paracingulate cortex (Brodmann area 32) for a tonic anxiety response (Fig. 3) . No overall main effect of Anxiety was evident Fig. 2 . Behavior. Interactions between Anxiety and Load were absent from subjective ratings of anxiety (a), stress (b) and effort (c) as well as from heart rate levels (HRL, d) and the phasic heart rate responses to onset of an anticipatory period (HRR, e). within this region of interest. We therefore suggest that this dorsal MPFC/ACC area contributes to high-level appraisal. Outside this region of interest, we also found effects in the same contrast within lateral prefrontal and parietal cortex ( P < 0.001, Fig. 4; Supplementary Table 1) . The load manipulation thus affected an entire network of areas classically linked to attention and awareness (Nobre, 2001; Pessoa et al., 2003; Rees et al., 2002; Taylor et al., 2003) . This further supports our conclusion that we successfully targeted a cognitive process dependent on attentional and working memory resources. No interactions of the type (High Load > Low Load) No-anxiety > (High Load > Low Load) Anxiety were observed, paralleling the absence of effects of Anxiety on 2-back task performance. Main effects of Anxiety and Load are shown in Supplementary Figs. 1 and 2 .
Discussion
We show that dorsal MPFC/ACC is implicated in high-level appraisal. Our results extend earlier findings (Johnson et al., 2002; Lane et al., 1997 Lane et al., , 1998 Simpson et al., 2001) and confirm a theoretical model of appraisal (Lewis, 2005) . A crucial feature of our study is that we carefully controlled selective attentional deployment and controlled for confounds that may arise from correlated low-level appraisal processes or response generation activity. The findings are in agreement with observations of affective blunting following MPFC/ACC lesions (reviewed in Devinsky et al. (1995) and Cohen et al. (1999) ). The left-sided focus of MPFC/ACC activity is most likely due to pain stimulus application to the right hand (Kalisch et al., 2005) .
Anticipatory anxiety paradigms reproducibly activate the rostral medial prefrontal and anterior cingulate cortices (Jensen et al., 2003; Ploghaus et al., 1999; Porro et al., 2002) . Rostral ACC activation is also observed when anxiety is induced by medication, visual imagery or recall of anxiety-provoking situations in normal subjects as well as by symptom provocation in anxiety patients (reviewed in Brody et al., 2001) . Improvement in anxiety symptoms after pharmacological or psychotherapy is associated with decreases in rostral ACC resting blood flow (Brody et al., 2001) . Finally, ACC volume and trait anxiety are positively correlated (Pujol et al., 2002) . Although there is a considerable degree of variance in terms of the location of activation foci within the MPFC/ACC, these findings generally highlight the important role of the MPFC/ACC in anxiety. Other emotions like sadness (reviewed in Brody et al., 2001) or happiness (reviewed in Phan et al., 2002) also activate the MPFC/ACC. In fact, the MPFC/ACC is the brain region most consistently activated across different emotions (Phan et al., 2002) , suggesting some shared function which may be provided by high-level appraisal. Interestingly, in a study by Liotti et al. (2000) , no MPFC/ACC activation was found while subjects focused their awareness on previously induced feelings of anxiety or sadness when this condition was compared to a condition requiring focusing on feelings of relaxation, i.e., when high-level appraisal was engaged in the control condition as well.
A wider prefrontal -parietal network seems to complement an MPFC/ACC function in high-level appraisal. In particular, we observed an extended cluster in bilateral antero-lateral PFC, encompassing or close to regions previously implicated in reappraisal of and self distraction from anxiety (Kalisch et al., 2005, in press ) and other emotional situations (Beauregard et al., 2001; Levesque et al., 2003 Levesque et al., , 2004 Ochsner et al., 2002 Ochsner et al., , 2004 Phan et al., 2005; Schaefer et al., 2003) .
Our data do not allow us to infer whether MPFC/ACC activity during high-level appraisal simply reflects conscious awareness of low-level appraisal outcomes and/or the emotion-eliciting stimuli or whether the MPFC/ACC actually performs high-level operations on these outcomes. We note, however, that MPFC/ACC activity is attenuated while antero-lateral PFC activity is enhanced during Fig. 3 . Modulation of anxiety-related activity as a function of cognitive load indicates a high-level appraisal-specific function for dorsal MPFC/ ACC. A cluster within dorsal MPFC/ACC exhibited an interaction pattern consistent with reduction of anxiety-related activity during the 2-back task (High Load) relative to the 0-back task (Low Load). Peak at À8/38/28 (haircross), z = 3.16, P = 0.031 small volume-corrected, tonic response. Display threshold P = 0.01 uncorrected. Activation superimposed on one subject's normalized structural image. The more dorsal cluster was located outside the search volume and did not meet criteria fixed for reduction of anxiety-related activity (see Materials and methods). NO-ANX: Noanxiety, ANX: Anxiety. successful reappraisal of anticipatory anxiety (Kalisch et al., 2005) . Furthermore, during that study, anxiety-related activity in MPFC/ ACC was phasic, i.e., consisting in a brief increase in activation at the onset of an anticipatory period, while reappraisal-related activity in right antero-lateral PFC increased linearly during anticipatory periods. It thus seems that MPFC/ACC activity can be regulated by lateral PFC and precedes lateral PFC activity during the course of an emotional reaction. (MPFC/ACC activity in the present study was tonic, presumably related to continuous presentation of anxiogenic stimuli (the red dots, Fig. 1 ), as opposed to phasic presentations in Kalisch et al. (2005) , and to the absence of MPFC/ACC-attenuating reappraisal.) On the basis of these data, it is conceivable that the MPFC/ACC mediates attentional functions (Lewis, 2005) , allowing low-level appraisal outcomes to gain access to consciousness. By contrast, the lateral PFC may use the conscious representations generated with the help of the MPFC/ACC for controlled appraisal. Another possible distinction between MPFC/ACC and lateral PFC function in high-level appraisal is that the MPFC/ACC provides for schema-based appraisal, whereas the lateral PFC provides for conceptual -propositional appraisal (Leventhal and Scherer, 1987) . Schemata contain thoughts, feelings, sensory-type representations and response programs that were part of similar emotional episodes in the past and guide appraisal and responding when activated by a matching stimulus (Lang, 1985; Foa and Kozak, 1986) . Conceptual appraisal, by contrast, is based on propositionally organized memory structures and allows for reflexive, rather than automatic, evaluation (Leventhal and Scherer, 1987) . Conceptual appraisal by its very nature depends on controlled processing. Whether schema-based appraisal, on the other hand, can also be conceptualized as a high-level appraisal is unclear. Schematic appraisal is often seen as implicit and automatic but also associated with ''primal thinking'' (Beck and Clark, 1997) or ''mindless emoting'' (Teasdale, 1999) , activities that would appear to draw on working memory resources. In Scherer's account (Scherer, 2001) , schematic appraisal, though automatic, operates on the contents of sensory stores, i.e., conscious representations. A possible role for the MPFC/ACC in schematic appraisal is supported by a recent study reporting a dissociation between MPFC/ACC (albeit more ventral) and lateral PFC depending on whether subjects use aware schematic (''metaphoric'', ''holistic'') or propositional -analytic appraisals (Schaefer et al., 2003) , respectively. MPFC/ACC attenuation and lateral PFC enhancement during reappraisal of anxiety (Kalisch et al., 2005) could accordingly be interpreted as a switch from ''mindless emoting'' to some more elaborate appraisal.
A further possible implication of our model is that rostral ACC activity sometimes observed during situations of error and/or conflict (Dehaene et al., 2003; Ridderinkhof et al., 2004 ) is equal to a conscious negative appraisal process. Importantly, high-level appraisal of conflict or error (and thus ACC activity) may vary according to contextual factors such as familiarity, motivational relevance and mood. Indeed, there is strong evidence for such contextual modulatory influences on electrophysiological correlates of error/conflict (reviewed in Bush et al., 2000 and Lewis, 2005) . On this basis and building on the work by Luu et al. (2003) , Lewis (2005) has suggested that error-related potentials are generated by large-scale synchronized theta oscillations coupling the MPFC/ACC to other cortical and subcortical areas, allowing for attended evaluation of erroneous actions (''mini-appraisals'').
Little has been known about the neurobiological basis of highlevel appraisal of emotional material in humans. In this study, we have clearly dissociated high-level appraisal from accompanying low-level appraisal and response generation processes using a psychological manipulation targeting controlled processing resources required for high-level appraisal while concurrently measuring low-level appraisal outcome. Our analysis allows us to ascribe to dorsal MPFC/ACC a mediating role in high-level appraisal. More generally, our data provide neurobiological evidence for a theoretical distinction between low-level and high-level appraisal.
